In 1927, Tinel first showed that an increase in inspired oxygen concentration produced constriction of the cerebral vasculature. This observation has subsequently been confirmed.
Similar changes in retinal blood vessels were described in 1940 by Cusick, Benson, and Boothby, which have been shown to relate to changes in arterial oxygen tension by Frayser et al. (1967) .
Oxygen was suspected as the major factor in the pathogenesis of retrolental fibroplasia early in the 1950s (Campbell, 1951;  Crosse and Evans, 1952; Patz, Hoeck, and De La Cruz, 1952) . It was subsequently conclusively shown in newborn animals that oxygen was the primary toxic factor involved (Ashton, Ward, and Serpell, 1953; Patz, 1954;  Gyllensten and Hellstr6m, 1954) . More recently, Ashton and Pedler (1962) have published further experimental studies showing that prolonged hyperoxaemia has a selective damaging effect on developing endothelial cells leading to their degeneration with irreversible obliteration of the developing retinal capillaries. It is this fundamental change that leads to the chain of events of local retinal ischaemia, new vessel formation, haemorrhage, retinal detachment, and scarring. The fear of inducing blindness has resulted in the present dilemma as to the proper place of oxygen Received 11 September 1969. in the treatment of the hypoxic newborn infant. It has recently been suggested by Patz (1967) that ophthalmoscopic monitoring of the retinal vessels in the newborn might be a satisfactory guide to arterial oxygen tensions in situations where direct measurement is not possible.
In the present study we measured the changes in retinal vessel diameter in newborn and premature infants that occur when the level of arterial oxygenation is altered between measured limits.
Methods
Retinal photographs were taken with a vertically mounted Zeiss Fundus camera (Bulpitt and Baum, 1969) . Only certain infants were considered suitable for this investigation, as it was necessary that they should fulfil the following criteria. First, the retina should be clearly visible-this excludes infants of less than 32 weeks' gestation in whom the tunica vasculosa lentis is still intact about the lens; secondly the infants should be well enough for photography which involves their removal from the incubator; thirdly their respiratory insufficiency should be such that, when breathing room air, a low Pao2 is reached, while when breathing 100% oxygen the Pao.2 rises high enough to give a reasonable span of oxygenation.
The infants included in this study were babies on the neonatal ward who were recovering from respiratory distress. They were allowed to breathe room air for 15 minutes, while retinal photographs were taken. 350
This procedure was repeated with the infant breathing 100% oxygen by face mask.
The Pao.2 was measured on each occasion using the Instrumentation Laboratory Oxygen electrode. Four infants had indwelling arterial catheters for clinical Pao2 monitoring, one in the umbilical artery and three in the right radial artery. In the other infants samples were taken of capillary blood from a heel which had been previously warmed in three cases and arterial blood from a radial artery stab in one case. Only one site was used for sampling in each case.
Retinal photographs were taken after the baby had been exposed to air or oxygen for 5 minutes. Further photographs were taken at approximately one-minute intervals over the following 10 minutes while still receiving air or oxygen. From the colour transparencies a composite drawing of the retinal vessels was made. Arterioles and venules suitable for measurement were chosen. These were required to be clearly in focus, identifiable from film to film by some landmark such as vessel bifurcation, and represented on at least two sets of films at different levels of PaO2.
Measurement of vessel diameter was made using a microscope with a micrometer eye-piece. Each diameter measurement was the mean of at least four readings.
Results
We only report here the changes observed when the P.o2 was raised by 50 mm. Hg or more, as was the case in six of the infants studied ranging in gestational age from 32-38 weeks (Table I) . One infant was 29 weeks of gestation by dates, but his physical appearance, neurological behaviour, and the absence of a tunica vasculosa lentis pointed to a gestation nearer 32-34 weeks. The birthweights of the infants ranged from 1390-3400 g. One infant was West Indian; the other five were Caucasian. Four infants were studied in the first week of life, one on the 8th and one on the 50th day. The last patient had protracted respiratory insufficiency of uncertain origin. One infant was receiving assisted ventilation at the time of the study. The results of a typical case are shown in Fig. 1 . In this case the Pao2 was raised from 35 to 120 mm. Hg and veins and arteries of all sizes showed a reduction in vessel diameter with rise in P5o2.
In Fig. 2 percentage constriction is plotted against the rise in Pao2 for all the vessels measured in the six infants. Percentage constriction was calculated using the mean vessel diameter rather than the original diameter as the denominator. Though the pattern of constriction is represented in Fig. 1 as a straight line, we cannot be certain that for a given vessel equal increments of rise in Pao2 produce equal increments of constriction over retrolental fibroplasia. He recommended ophthalmoscopy as a means of monitoring oxygen therapy constriction for the vessels, when facilities for direct Pao2 measurement are not hose Pao.2 was raised by more available. mm. Hg.
Our observations confirm the findings of others working with adult subjects and animals that Pao2, the greater was the raising the Pao2 produces a constriction of the on (r = 0*26, p = 0 02).
retinal blood vessels of premature babies. Their Lstriction one can calculate reduction in vessel diameter is measurable under n vessel diameter for 100 the microscope and may even be detectable with For the six infants in this the naked eye when films at low and high Pao2 )nstriction index for the are mounted side by side (Fig. 3) . In this study It seems likely that the duration of exposure, as well as the level of Pao2, is important in determining the degree of vasoconstriction that occurs (Ashton, 1957) . It may be that a Pao2 of 250 mm. Hg acting over many hours would produce recognizable retinal ischaemia. We did not feel justified in exceeding 15 minutes of exposure to high oxygen concentrations, but films taken at 5 and 15 minutes after raising the PaO2 show no difference in the degree of vasoconstriction.
Our findings show that the absence of extreme vasospasm is not an indication that the Pao2 is within safe limits (Roberton et al., 1968) . Moreover, the majority of infants with respiratory distress are immature and still have a tunica vasculosa lentis. While it is usually possible to see the retinal vessels through this with an indirect ophthalmoscope, the view is never very clear and using the instrument requires considerable experience. Thus, while the finding of extreme vasospasm in the retina of a premature infant receiving oxygen therapy is a sign of oxygen overdosage and an urgent indication for a reduction in the inspired oxygen concentration, ophthalmoscopy is not an adequate method of monitoring arterial oxygenation. It is not a substitute for direct and frequent measurement of arterial oxygen tension in the management of a premature infant who is receiving oxygen therapy.
